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HEAT EXCHANGER AND
AIR-CONDITIONING APPARATUS

TECHNICAL FIELD

[0001] The present disclosure relates to a heat exchanger
including flat tubes and fins, and also relates to an air-
conditioning apparatus.

BACKGROUND ART

[0002] Some heat exchanger has been known that includes
flat tubes and fins. Patent Literature 1 discloses a heat
exchanger including a plurality of flat tubes, and corrugated
fins provided with a plurality of louvers. In Patent Literature
1, the fins each protrude at its upstream end portion in the air
flow direction as an extended portion farther than the
upstream end portion of each of the flat tubes. In general,
heating energy or cooling energy is transferred away from
air having exchanged heat at the upstream portion of each of
the fins by the amount of heat exchanged. This reduces the
heat exchange amount at the downstream portion accord-
ingly. In Patent Literature 1, the fins each protrude at its
upstream end portion farther than the upstream end portion
of each of the flat tubes, and a contact area between the fins
and the flat tubes is thus small at the upstream portions. With
this configuration, Patent Literature 1 is intended to decrease
the heat exchange amount at the upstream portion to reduce
a reduction in the heat exchange amount at the downstream
portion to thereby maintain the balance of the heat exchange
amount between the upstream portion and the downstream
portion.

CITATION LIST

Patent Literature

[0003] Patent Literature 1: Japanese Patent No. 5563162
SUMMARY OF INVENTION
Technical Problem
[0004] However, in the heat exchanger disclosed in Patent

Literature 1, the fins each protrude at its upstream end
portion farther than the upstream end portion of each of the
flat tubes, and a strength of the fins is thus reduced.
[0005] The present disclosure has been achieved to solve
the above problem, and it is an object of the present
disclosure to provide a heat exchanger that ensures a suffi-
cient strength of fins, while maintaining the balance of the
heat exchange amount between the upstream portion and the
downstream portion, and to also provide an air-conditioning
apparatus.

Solution to Problem

[0006] A heat exchanger according to an embodiment of
the present disclosure includes a plurality of flat tubes in
which refrigerant flows and a plurality of fins provided
between the plurality of flat tubes and configured to transfer
heat of refrigerant flowing in the plurality of flat tubes. An
upstream end portion of each of the plurality of flat tubes in
an air flow direction is located at the same position as an
upstream end portion of each of the plurality of fins or
protrudes farther than the upstream end portion of each of
the plurality of fins, and an opening port is formed at the
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upstream end portion of each of the plurality of flat tubes or
at the upstream end portion of each of the plurality of fins.

Advantageous Effects of Invention

[0007] According to an embodiment of the present disclo-
sure, the upstream end portion of each of the flat tubes in the
air flow direction is located at the same position as the
upstream end portion of each of the fins or protrudes farther
than the upstream end portion of each of the fins. This can
ensure a sufficient strength of the fins. The opening port is
formed at the upstream end portion of each of the flat tubes
or at the upstream end portion of each of the fins. This helps
maintain the balance of the heat exchange amount between
the upstream portion and the downstream portion of each of
the fins. That is, the heat exchanger according to an embodi-
ment of the present disclosure can ensure a sufficient
strength of the fins, while maintaining the balance of the heat
exchange amount between the upstream portion and the
downstream portion of each of the fins.

BRIEF DESCRIPTION OF DRAWINGS

[0008] FIG. 1 is a circuit diagram illustrating an air-
conditioning apparatus according to Embodiment 1.

[0009] FIG. 2 is a front view illustrating the heat
exchanger according to Embodiment 1.

[0010] FIG. 3 is a cross-sectional view illustrating flat
tubes and a fin according to Embodiment 1.

[0011] FIG. 4 is a cross-sectional view illustrating flat
tubes and a fin according to Embodiment 2.

[0012] FIG. 5 is a cross-sectional view illustrating flat
tubes and a fin according to Embodiment 3.

[0013] FIG. 6 is a cross-sectional view illustrating the flat
tubes and the fin according to Embodiment 3.

[0014] FIG. 7 is a cross-sectional view illustrating flat
tubes and a fin according to a modification of Embodiment
35

[0015] FIG. 8 is a cross-sectional view illustrating flat
tubes and fins according to Embodiment 4.

[0016] FIG. 9 is a front view illustrating a heat exchanger
according to Embodiment 5.

[0017] FIG. 10 is a cross-sectional view illustrating flat
tubes and a fin according to Embodiment 5.

[0018] FIG. 11 is a cross-sectional view illustrating flat
tubes and a fin according to a modification of Embodiment
5.

[0019] FIG. 12 is a cross-sectional view [llustrating flat
tubes and a fin according to Embodiment 6.

DESCRIPTION OF EMBODIMENTS

[0020] Embodiments of a heat exchanger and an air-
conditioning apparatus of the present disclosure will be
described hereinafter with reference to the drawings. Note
that the present disclosure is not limited by the embodiments
described below. In addition, the relationship of sizes of the
components in the drawings described below including FIG.
1 may differ from that of actual ones. In the descriptions
below, terms that represent directions are appropriately used
for the sake of easily understanding the present disclosure.
However, these terms are used merely for description pur-
poses, and the present disclosure is not limited by these
terms. Examples of the terms that represent directions
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include “upper,” “lower,” “right,” “left,” “front,” and “rear.”
Note that in some of the drawings, cross-section hatching is
partially omitted.

Embodiment 1

[0021] FIG. 1 is a circuit diagram illustrating an air-
conditioning apparatus 1 according to Embodiment 1. As
illustrated in FIG. 1, the air-conditioning apparatus 1 is a
device that conditions air in a room space, and includes an
outdoor unit 2 and an indoor unit 3 connected to the outdoor
unit 2. The outdoor unit 2 is provided with a compressor 6,
a flow switching device 7, a heat exchanger 8, an outdoor fan
9, and an expansion unit 10. The indoor unit 3 is provided
with an indoor heat exchanger 11 and an indoor fan 12.
[0022] The compressor 6, the flow switching device 7, the
heat exchanger 8, the expansion unit 10, and the indoor heat
exchanger 11 are connected by a refrigerant pipe 5 to form
a refrigerant circuit 4 in which refrigerant flows as working
gas. The compressor 6 sucks refrigerant in a low-tempera-
ture and low-pressure state, compresses the sucked refrig-
erant into a high-temperature and high-pressure state, and
discharges the compressed refrigerant. The flow switching
device 7 changes the flow direction of refrigerant in the
refrigerant circuit 4, and is, for example, a four-way valve.
For example, the heat exchanger 8 exchanges heat between
outside air and refrigerant. The heat exchanger 8 serves as a
condenser during cooling operation, and serves as an evapo-
rator during heating operation.

[0023] The outdoor fan 9 is a device to deliver outside air
to the heat exchanger 8. The expansion unit 10 is a pressure
reducing valve or an expansion valve to reduce the pressure
of refrigerant and expand the refrigerant. The expansion unit
10 is, for example, an electronic expansion valve whose
opening degree is adjusted. For example, the indoor heat
exchanger 11 exchanges heat between room air and refrig-
erant. The indoor heat exchanger 11 serves as an evaporator
during cooling operation, and serves as a condenser during
heating operation. The indoor fan 12 is a device to deliver
room air to the indoor heat exchanger 11.

(Operating Mode, Cooling Operation)

[0024] Next, the operating modes of the air-conditioning
apparatus 1 are described. First, cooling operation is
described. During cooling operation, refrigerant sucked into
the compressor 6 is compressed by the compressor 6 into a
high-temperature and high-pressure gas state and then dis-
charged. The refrigerant in high-temperature and high-pres-
sure gas state discharged from the compressor 6 passes
through the flow switching device 7, and flows into the heat
exchanger 8, which serves as a condenser. In the heat
exchanger 8, the refrigerant exchanges heat with outside air
delivered by the outdoor fan 9, and condenses into liquid.
The refrigerant having condensed into a liquid state flows
into the expansion unit 10, and is expanded and reduced in
pressure in the expansion unit 10, so that the refrigerant is
brought into a low-temperature and low-pressure two-phase
gas-liquid state. The refrigerant in the two-phase gas-liquid
state flows into the indoor heat exchanger 11, which serves
as an evaporator. In the indoor heat exchanger 11, the
refrigerant exchanges heat with room air delivered by the
indoor fan 12, and evaporates into gas. At this time, the room
air is cooled and thus cooling is performed in the room. The
refrigerant having evaporated into a low-temperature and
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low-pressure gas state passes through the flow switching
device 7 and is sucked into the compressor 6.

(Operating Mode, Heating Operation)

[0025] Next, heating operation is described. During heat-
ing operation, refrigerant sucked into the compressor 6 is
compressed by the compressor 6 into a high-temperature and
high-pressure gas state and then discharged. The refrigerant
in a high-temperature and high-pressure gas state discharged
from the compressor 6 passes through the flow switching
device 7 and flows into the indoor heat exchanger 11, which
serves as a condenser. In the indoor heat exchanger 11, the
refrigerant exchanges heat with room air delivered by the
indoor fan 12, and condenses into liquid. At this time, the
room air is heated and thus heating is performed in the room.
The refrigerant having condensed into a liquid state flows
into the expansion unit 10, and is expanded and reduced in
pressure in the expansion unit 10, so that the refrigerant is
brought into a low-temperature and low-pressure two-phase
gas-liquid state. The refrigerant in the two-phase gas-liquid
state flows into the heat exchanger 8, which serves as an
evaporator. In the heat exchanger 8, the refrigerant
exchanges heat with outside air delivered by the outdoor fan
9, and evaporates into gas. The refrigerant having evapo-
rated into a low-temperature and low-pressure gas state
passes through the flow switching device 7 and is sucked
into the compressor 6.

[0026] FIG. 2 is a front view illustrating the heat
exchanger 8 according to Embodiment 1, Next, the heat
exchanger 8 is described in detail. As illustrated in FIG. 2,
the heat exchanger 8 is, for example, a parallel-flow heat
exchanger 8. Note that the heat exchanger 8 may be a
fin-and-tube heat exchanger. The heat exchanger 8 includes
flat tubes 20, fins 30, and headers 40. A plurality of the flat
tubes 20 are arranged side by side, in each of which
refrigerant flows. The flat tubes 20 are made of aluminum or
aluminum alloy. The flat tubes 20 may also be formed by
using an aluminum core cladding material. In each of the flat
tubes 20, for example, a plurality of flow passages 21 (see
FIG. 3) are formed in line, through which refrigerant flows.
[0027] Each of the fins 30 is a heat transferring part to
transfer heat of the refrigerant flowing in the flat tubes 20.
For example, the fin 30 is a corrugated fin having regular
folds and located between the flat tubes 20. The fin 30
includes an inclined face 30q that is inclined from the
horizontal direction (see FIG. 3). The fin 30 is folded into
alternating ridges and grooves. A space defined by the fin 30
and the corresponding flat tubes 20 serves as an airflow
passage 31 through which air flows. The fin 30 is made of,
for example, aluminum. Note that the fin 30 may be a plate
fin. In the headers 40, refrigerant flows. The headers 40
distribute the refrigerant to a plurality of the flat tubes 20
connected to the headers 40. The headers 40 are made of, for
example, aluminum. The fins 30 may be formed by using the
same materials as the flat tubes 20 as described above, or
using different materials from materials of the flat tubes 20.
[0028] The headers 40 include a header 40 connected to
one end portion of each of the plurality of flat tubes 20, and
another header 40 connected to the other end portion of each
of the plurality of flat tubes 20. Note that in the header 40,
the flow passages 21 through which refrigerant flows may be
partitioned by one partition or a plurality of partitions. One
of the headers 40, to which the refrigerant pipe 5 is con-
nected, is connected to the flow switching device 7 by the
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refrigerant pipe 5. The other header 40, to which the
refrigerant pipe 5 is connected, is connected to the expansion
unit 10 by the refrigerant pipe 5. The headers 40 may be
formed by using the same materials as the flat tubes 20.
[0029] FIG. 3 is a cross-sectional view illustrating the flat
tubes 20 and the fin 30 according to Embodiment 1. FIG. 3
illustrates a portion of the cross-section taken along the A-A
line in FIG. 2. In FIG. 3, air flows downward from the top.
As illustrated in FIG. 3, the fin 30 is provided between the
flat tubes 20, and has a plurality of louvers 32 provided in
the inclined face 30a. The upstream portion of the fin 30
does not have the louvers 32 and has a larger flat portion than
a flat portion of the downstream portion. A rectangular slit
33 is formed in between ones of the plurality of louvers 32.
[0030] On the upstream end portion of the fin 30, two
holes 34 are provided as an opening port 50. The holes 34
each have a rectangular shape extending in the longitudinal
direction of the fin 30. Specifically, the holes 34 are provided
in the upstream portion located within one-fourth of the
entire length L of the fin 30 in the longitudinal direction from
the upstream end. With this configuration, the upstream end
portion of the fin 30 in the air flow direction has a smaller
heat-transfer area than does the downstream end portion of
the fin 30. The downstream end portion of the fin 30 is
located on the same plane as the downstream end portion of
each of the flat tubes 20. Note that the downstream end
portion of the fin 30 may be located upstream of the
downstream end portion of each of the flat tubes 20. The
upstream end portion of each of the flat tubes 20 is located
at the same position as the upstream end portion of the fin
30.

[0031] In the present Embodiment 1, the upstream end
portion of each of the flat tubes 20 in the air flow direction
is located at the same position as the upstream end portion
of the fin 30. The fin 30 does not protrude farther than the
flat tubes 20, and the fin 30 is thus prevented from being bent
during production or transport. This can ensure a sufficient
strength of the fin 30. The opening port 50 is formed at the
upstream end portion of the fin 30. This helps maintain the
balance of the heat exchange amount between the upstream
portion and the downstream portion of the fin 30. That is, the
present Embodiment 1 can ensure a sufficient strength of the
fin 30, while maintaining the balance of the heat exchange
amount between the upstream portion and the downstream
portion of the fin 30.

[0032] The holes 34 serving as the opening port 50 are
provided at the upstream end portion of the fin 30. In
general, heating energy or cooling energy is transferred
away from air having exchanged heat at the upstream
portion of the fin 30 by the amount of heat exchanged. This
reduces the heat exchange amount at the downstream por-
tion accordingly. In the present Embodiment 1, the holes 34
serving as the opening port 50 are provided at the upstream
end portion of the fin 30, and the fin 30 thus has a smaller
heat-transfer area at its upstream end portion in the air flow
direction than at its downstream end portion. Therefore, the
balance of the heat exchange amount between the upstream
portion and the downstream portion of the fin 30 can be
maintained. As described above, the present Embodiment 1
can ensure a sufficient strength of the fin 30, while main-
taining the balance of the heat exchange amount between the
upstream portion and the downstream portion of the fin 30.
[0033] A technique for some heat exchanger has been
known, in which the fins each protrude at its upstream end
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portion in the air flow direction as an extended portion
farther than the upstream end portion of each of the flat
tubes. In this case, there is a possibility that the protruding
portion of each of the fins may be bent during production or
transport, and thus heat-transfer performance may be
degraded. In a case where a drainage slit is formed in the fin,
the strength of the fin is thus further reduced, and the fin has
an increased probability of being bent. If the extended
portion of the fin is eliminated, the heat transfer area at the
upstream portion of the fin will be increased, and accord-
ingly frost is more likely to be formed at the upstream
portion of the fin. This results in a reduction in resistance to
frost formation.

[0034] In contrast to this, in the present Embodiment 1 the
upstream end portion of each of the flat tubes 20 is located
at the same position as the upstream end portion of the fin
30, and in addition, the holes 34 serving as the opening port
50 are provided at the upstream end portion of the fin 30.
This can ensure a sufficient strength of the fin 30, while
maintaining the balance of the heat exchange amount
between the upstream portion and the downstream portion of
the fin 30.

[0035] The holes 34 serving as the opening port 50 are
provided at the upstream end portion of each of the fins 30,
and heat transfer at the upstream portion of each of the fins
30 is thus reduced to reduce uneven frost formation. With
this configuration, the airflow passage 31 through which air
flows can be prevented from being clogged with frost.
Condensed water adhering to the fin 30 passes through the
holes 34, and water drainage performance thus can be
improved.

Embodiment 2

[0036] FIG. 4 is a cross-sectional view illustrating the flat
tubes 20 and a fin 130 according to Embodiment 2. A heat
exchanger 108 in the present Embodiment 2 is different from
the heat exchanger 8 in Embodiment 1 in that the opening
port 50 is made up of gaps 134 defined between the upstream
end portion of the fin 130 and the flat tubes 20. In the present
Embodiment 2, the components in common with those in
Embodiment 1 are denoted by the same reference signs, and
thus descriptions of the components are omitted. The dif-
ferences from Embodiment 1 are mainly described below.

[0037] As illustrated in FIG. 4, the fin 130 has a smaller
width at its upstream end portion than the width at its
downstream end portion. With this configuration, the gaps
134 are defined between the upstream end portion of the fin
130 and the flat tubes 20. The upstream end portion of each
of the flat tubes 20 is located at the same position as the
upstream end portion of the fin 130 similarly to Embodiment
1.

[0038] In the present Embodiment 2, the upstream end
portion of each of the flat tubes 20 is located at the same
position as the upstream end portion of the fin 130. The fin
130 does not protrude farther than the flat tubes 20, and the
fin 130 is thus prevented from being bent during production
or transport. That is, a sufficient strength of the fin 130 can
be ensured. The gaps 134 are defined between the upstream
end portion of the fin 130 and the flat tubes 20, and the fin
130 thus has a smaller heat-transfer area at its upstream end
portion in the air flow direction than at its downstream end
portion. Therefore, the balance of the heat exchange amount
between the upstream portion and the downstream portion of
the fin 130 can be maintained. As described above, the
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present Embodiment 2 can ensure a sufficient strength of the
fin 130, while maintaining the balance of the heat exchange
amount between the upstream portion and the downstream
portion of the fin 130.

[0039] The gaps 134 are defined between the upstream end
portion of the fin 130 and the flat tubes 20, and heat transfer
at the upstream portion of the fin 130 is thus reduced to
reduce uneven frost formation. With this configuration, the
airflow passage 31 through which air flows can be prevented
from being clogged with frost. Condensed water adhering to
the fin 130 passes through the gaps 134, and water drainage
performance thus can be improved.

Embodiment 3

[0040] FIG. 5 is a cross-sectional view illustrating flat
tubes 220 and a fin 230 according to Embodiment 3. A heat
exchanger 208 in the present Embodiment 3 is different from
the heat exchanger 8 in Embodiment 1 in that the opening
port 50 is made up of gaps 234 defined between the upstream
end portion of the fin 230 and the flat tubes 220. In the
present Embodiment 3, the components in common with
those in Embodiments 1 and 2 are denoted by the same
reference signs, and thus descriptions of the components are
omitted. The differences from Embodiments 1 and 2 are
mainly described below.

[0041] Asillustrated in FIG. 5, the flat tubes 220 each have
a smaller width at its upstream end portion than the width at
its downstream end portion. Each of the flat tubes 220 has
a tapered tip end shaped into a curve at the upstream portion.
With this configuration, the gaps 234 are defined between
the upstream end portion of the fin 230 and the flat tubes
220. The flat tubes 220 each protrude at its upstream end
portion farther than the upstream end portion of the fin 230.
[0042] In the present Embodiment 3, the flat tubes 220
each protrude at its upstream end portion farther than the
upstream end portion of the fin 230. The fin 230 does not
protrude farther than the flat tubes 220, and the fin 230 is
thus prevented from being bent during production or trans-
port. That is, a sufficient strength of the fin 230 can be
ensured. The gaps 234 are defined between the upstream end
portion of the fin 230 and the flat tubes 220, and the fin 230
thus has a smaller heat-transfer area at its upstream end
portion in the air flow direction than at its downstream end
portion. Therefore, the balance of the heat exchange amount
between the upstream portion and the downstream portion of
the fin 230 can be maintained. As described above, the
present Embodiment 3 can ensure a sufficient strength of the
fin 230, while maintaining the balance of the heat exchange
amount between the upstream portion and the downstream
portion of the fin 230.

[0043] The gaps 234 are defined between the upstream end
portion of the fin 230 and the flat tubes 220, and heat transfer
at the upstream portion of the fin 230 is thus reduced to
reduce uneven frost formation. With this configuration, the
airflow passage 31 through which air flows can be prevented
from being clogged with frost. Condensed water adhering to
the fin 230 passes through the gaps 234, and water drainage
performance thus can be improved. Furthermore, each of the
flat tubes 220 has a tip end shaped into a curve, and an
airflow resistance is thus reduced.

[0044] FIG. 6 is a cross-sectional view illustrating the flat
tubes 220 and the fin 230 according to Embodiment 3. In
Embodiment 3, an example case is illustrated in which the
flat tubes 220 are aligned in two rows in a direction parallel
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to the air flowing direction. In this case, as illustrated in FI1G.
6, the flat tubes 220 located upstream each have a tapered tip
end, while the flat tubes 220 located downstream do not each
have a tapered tip end. The reason for this is that a sufficient
amount of heat is transferred to the fin 230 at the down-
stream end portion of each of the flat tubes 220 located
upstream, and it is thus unnecessary for the flat tubes 220
located downstream to each have a tapered tip end.

(Modification)

[0045] FIG. 7 is a cross-sectional view illustrating flat
tubes 220q and a fin 230a according to a modification of
Embodiment 3. As illustrated in FIG. 7, in a heat exchanger
208a in the modification, each of the flat tubes 220a is
provided with a gap 234a defined by notching one corner of
the upstream end portion of the flat tube 2204 that is adjacent
to the corresponding one of fins 230a. Also in the modifi-
cation, the gap 234qa is defined between the upstream end
portion of the fin 230a and the flat tube 220qa, and the fin
230aq thus has a smaller heat-transfer area at its upstream end
portion in the air flow direction than at its downstream end
portion. Therefore, the modification can maintain the bal-
ance of the heat exchange amount between the upstream
portion and the downstream portion of the fin 230q.

Embodiment 4

[0046] FIG. 8 is a cross-sectional view illustrating the flat
tubes 20 and fins 330 according to Embodiment 4. A heat
exchanger 308 in the present Embodiment 4 is different from
the heat exchangers in Embodiments 1 to 3 in that the heat
exchanger 308 includes reinforcement portions 360 to rein-
force the fins 330. In the present Embodiment 4, the com-
ponents in common with those in Embodiments 1 to 3 are
denoted by the same reference signs, and thus descriptions
of the components are omitted. The differences from
Embodiments 1 to 3 are mainly described below.

[0047] As illustrated in FIG. 8, the fins 330 each protrude
at its upstream end portion farther than the upstream end
portion of each of the flat tubes 20. The reinforcement
portions 360 are provided between the portions of the fins
330 protruding farther than the flat tubes 20. The reinforce-
ment portions 360 are made of, for example, resin with a
relatively high thermal resistance.

[0048] In the present Embodiment 4, although the fins 330
protrude farther than the flat tubes 20, the reinforcement
portions 360 are provided between the portions of the fins
330 protruding farther than the flat tubes 20, and the fins 330
are thus prevented from being bent during production or
transport. That is, a sufficient strength of the fins 330 can be
ensured. The upstream end portion of each of the fins 330 is
not in contact with the flat tubes 20, and the fins 330 thus
each have a smaller heat-transfer area at its upstream end
portion in the air flow direction than at its downstream end
portion. Therefore, the balance of the heat exchange amount
between the upstream portion and the downstream portion of
each of the fins 330 can be maintained. As described above,
the present Embodiment 4 can ensure a sufficient strength of
the fins 330, while maintaining the balance of the heat
exchange amount between the upstream portion and the
downstream portion of each of the fins 330.

[0049] The upstream end portion of each of the fins 330 is
not in contact with the flat tubes 20, and heat transfer at the
upstream portion of each of the fins 330 is thus reduced to
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reduce uneven frost formation. With this configuration, the
airflow passage 31 through which air flows can be prevented
from being dogged with frost. Condensed water adhering to
the fins 330 flows on the reinforcement portions 360, which
is resin, and water drainage performance thus can be
improved.

Embodiment 5

[0050] FIG. 9 is a front view illustrating a heat exchanger
408 according to Embodiment 5. FIG. 10 is a cross-sectional
view illustrating the flat tubes 20 and a fin 430 according to
Embodiment 5. The present Embodiment 5 is different from
Embodiments 1 to 4 in that reinforcement portions 434 are
formed in the fin 430. In the present Embodiment 5, the
components in common with those in Embodiments 1 to 4
are denoted by the same reference signs, and thus descrip-
tions of the components are omitted. The differences from
Embodiments 1 to 4 are mainly described below.

[0051] As illustrated in FIGS. 9 and 10, the plurality of
reinforcement portions 434 are formed in the inclined face
30a of the fin 430 at its upstream end portion. The rein-
forcement portions 434 reinforce the fin 430. The reinforce-
ment portions 434 are formed by bending the fin 430 into a
shape with a series of rectangular projections and recesses.
The fin 430 protrudes at its upstream end portion farther than
the upstream end portion of each of the flat tubes 20.
[0052] In the present Embodiment 5, although the fin 430
protrudes farther than the flat tubes 20, the reinforcement
portions 434 are formed at the upstream end portion of the
fin 430, and the fin 430 is thus prevented from being bent
during production or transport. That is, a sufficient strength
of the fin 430 can be ensured. The upstream end portion of
the fin 430 is not in contact with the flat tubes 20, and the
fin 430 thus has a smaller heat-transfer area at its upstream
end portion in the air flow direction than at its downstream
end portion. Therefore, the balance of the heat exchange
amount between the upstream portion and the downstream
portion of the fin 430 can be maintained. As described
above, the present Embodiment 5 can ensure a sufficient
strength of the fin 430, while maintaining the balance of the
heat exchange amount between the upstream portion and the
downstream portion of the fin 430.

[0053] The upstream end portion of the fin 430 is not in
contact with the flat tubes 20, and heat transfer at the
upstream portion of the fin 430 is thus reduced to reduce
uneven frost formation. With this configuration, the airflow
passage 31 through which air flows can be prevented from
being clogged with frost. Condensed water adhering to the
fin 430 flows on the reinforcement portions 434, which is
resin, and water drainage performance thus can be
improved.

(Modification)

[0054] FIG. 11 is a cross-sectional view illustrating the flat
tubes 20 and a fin 430a according to a modification of
Embodiment 5. As illustrated in FIG. 11, in a heat exchanger
408a in the modification, the fin 430q protrudes farther than
the flat tubes 20 by a greater amount compared with the fin
430 in Embodiment 5. Reinforcement portions 434a are
larger in size than the reinforcement portions 434 in
Embodiment 5. With this configuration, although the fin
430a protrudes farther than the flat tubes 20 by a greater
amount, the reinforcement portions 434a are formed larger

Mar. 30, 2023

in size at the upstream end portion of the fin 430q, and the
fin 4304 is thus prevented from being bent during production
or transport. A relatively large area of the upstream end
portion of the fin 430q is not in contact with the flat tubes 20,
and the fin 430q thus has a smaller heat-transfer area at its
upstream end portion in the air flow direction than at its
downstream end portion. Therefore, the balance of the heat
exchange amount between the upstream portion and the
downstream portion of the fin 430a can be maintained. As
described above, the modification can ensure a sufficient
strength of the fin 4304, while maintaining the balance of the
heat exchange amount between the upstream portion and the
downstream portion of the fin 430a.

Embodiment 6

[0055] FIG. 12 is a cross-sectional view illustrating the flat
tubes 20 and a fin 530 according to Embodiment 6. A heat
exchanger 508 in the present Embodiment 6 is different from
the heat exchangers in Embodiments 1 to 5 in that the
opening port 50 is provided with an opening-closing louver
535. In the present Embodiment 6, the components in
common with those in Embodiments 1 to 5 are denoted by
the same reference signs, and thus descriptions of the
components are omitted. The differences from Embodiments
1 to 5 are mainly described below.

[0056] As illustrated in FIG. 12, the fin 530 has the
opening-closing louver 535 provided at the opening port 50
to open and close the opening port 50. The upstream end
portion of each of the flat tubes 20 is located at the same
position as the upstream end portion of the fin 530 similarly
to Embodiment 1.

[0057] In the present Embodiment 6, the upstream end
portion of each of the flat tubes 20 is located at the same
position as the upstream end portion of the fin 530, The fin
530 does not protrude farther than the flat tubes 20, and the
fin 530 is thus prevented from being bent during production
or transport. That is, a sufficient strength of the fin 530 can
be ensured. The opening port 50 that is opened and closed
by the opening-closing louver 535 is formed at the upstream
end portion of the fin 530, and the fin 530 thus has a smaller
heat-transfer area at its upstream end portion in the air flow
direction than at its downstream end portion. Therefore, the
balance of the heat exchange amount between the upstream
portion and the downstream portion of the fin 530 can be
maintained. As described above, the present Embodiment 6
can ensure a sufficient strength of the fin 530, while main-
taining the balance of the heat exchange amount between the
upstream portion and the downstream portion of the fin 530.
[0058] The opening port 50 that is opened and closed by
the opening-closing louver 535 is formed at the upstream
end portion of the fin 530, and heat transfer at the upstream
portion of the fin 530 is thus reduced to reduce uneven frost
formation. With this configuration, the airflow passage 31
through which air flows can be prevented from being
clogged with frost. Condensed water adhering to the fin 530
passes through the opening port 50, and water drainage
performance thus can be improved.

REFERENCE SIGNS LIST

[0059] 1: air-conditioning apparatus, 2: outdoor unit, 3:
indoor unit, 4: refrigerant circuit, 5: refrigerant pipe, 6:
compressor, 7: flow switching device, 8: heat exchanger, 9:
outdoor fan, 10: expansion unit, 11: indoor heat exchanger,
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12: indoor fan, 20: flat tube, 21: flow passage, 30: fin, 30a:
inclined face, 31: airflow passage, 32: louver, 33: slit, 34:
hole, 40: header, 50: opening port, 108: heat exchanger, 130:
fin, 134: gap, 208, 208a: heat exchanger, 220, 220q: flat
tube, 230: fin, 234, 234a: gap, 308: heat exchanger, 330: fin,
360: reinforcement portion, 408, 408a: heat exchanger, 430,
430a: fin, 434, 434a: reinforcement portion, 508: heat
exchanger, 530: fin, 535: opening-closing louver
1. A heat exchanger comprising:
a plurality of flat tubes in which refrigerant flows; and
a plurality of fins provided between the plurality of flat
tubes and configured to transfer heat of refrigerant
flowing in the plurality of flat tubes,
an upstream end portion of each of the plurality of flat
tubes in an air flow direction being located at the same
position as an upstream end portion of each of the
plurality of fins or protruding farther than the upstream
end portion of each of the plurality of fins,
an opening port being formed at the upstream end portion
of each of the plurality of flat tubes or at the upstream
end portion of each of the plurality of fins,
the opening port being a hole provided in the upstream
end portion of each of the plurality of fins,
the hole extending in the air flow direction.
2. (canceled)
3. (canceled)
4. A heat exchanger comprising:
a plurality of flat tubes in which refrigerant flows; and
a plurality of fins provided between the plurality of flat
tubes and configured to transfer heat of refrigerant
flowing in the plurality of flat tubes,
an upstream end portion of each of the plurality of flat
tubes in an air flow direction being located at the same
position as an upstream end portion of each of the
plurality of fins or protruding farther than the upstream
end portion of each of the plurality of fins,
an opening port being formed at the upstream end portion
of each of the plurality of flat tubes or at the upstream
end portion of each of the plurality of fins,
the opening port being a gap defined between the
upstream end portion of each of the plurality of fins and
a corresponding one of the plurality of flat tubes,
the plurality of fins each having a smaller width at the
upstream end portion than a width at a downstream end
portion of the fin.
5. A heat exchanger comprising:
a plurality of flat tubes in which refrigerant flows; and
a plurality of fins provided between the plurality of flat
tubes and configured to transfer heat of refrigerant
flowing in the plurality of flat tubes,
an upstream end portion of each of the plurality of flat
tubes in an air flow direction being located at the same
position as an upstream end portion of each of the
plurality of fins or protruding farther than the upstream
end portion of each of the plurality of fins,
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an opening port being formed at the upstream end portion
of each of the plurality of flat tubes or at the upstream
end portion of each of the plurality of fins,

the opening port being a gap defined between the
upstream end portion of each of the plurality of fins and
a corresponding one of the plurality of flat tubes,

the plurality of flat tubes each having a smaller width at
the upstream end portion than a width at a downstream
end portion of the flat tube.

6. The heat exchanger of claim 1, wherein each of the
plurality of fins has an opening-closing louver provided at
the opening port and configured to open and close the
opening port.

7. A heat exchanger comprising:

a plurality of flat tubes in which refrigerant flows;

a plurality of fins provided between the plurality of flat
tubes and configured to transfer heat of refrigerant
flowing in the plurality of flat tubes, the plurality of fins
each protruding at an upstream end portion in an air
flow direction farther than an upstream end portion of
each of the plurality of flat tubes; and

a reinforcement portion provided between portions of the
plurality of fins each protruding farther than the plu-
rality of flat tubes and configured to reinforce the
plurality of fins,

the opening port being a hole provided in the upstream
end portion of each of the plurality of fins,

the hole extending in the air flow direction.

8. A heat exchanger comprising:

a plurality of flat tubes in which refrigerant flows; and

a plurality of fins provided between the plurality of flat
tubes and configured to transfer heat of refrigerant
flowing in the plurality of flat tubes, the plurality of fins
each protruding at an upstream end portion in an air
flow direction farther than an upstream end portion of
each of the plurality of flat tubes,

a reinforcement portion being formed at the upstream end
portion of each of the plurality of fins, the reinforce-
ment portion being shaped into a projection and a
recess and configured to reinforce the plurality of fins,

the opening port being a hole provided in the upstream
end portion of each of the plurality of fins,

the hole extending in the air flow direction.

9. An air-conditioning apparatus comprising the heat
exchanger of claim 1.

10. An air-conditioning apparatus comprising the heat
exchanger of claim 4.

11. An air-conditioning apparatus comprising the heat
exchanger of claim 5.

12. An air-conditioning apparatus comprising the heat
exchanger of claim 6.

13. An air-conditioning apparatus comprising the heat
exchanger of claim 7.

14. An air-conditioning apparatus comprising the heat
exchanger of claim 8.
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